In this paper, we will introduce the development of wind energy in Taiwan and the policies or subsidies issued by government of Taiwan for development of offshore farm, which includes Formosa Wind Power (FWP), Fuhai Wind Farm (FWF) and Taiwan Power Company (TPC) offshore demonstration sites. Then, we will focus on the IEC 61400-25 which is the communication standard for control and monitoring of wind turbines. The information models and information exchange model are used to describe the services provided by the wind power plant. The mapping from the models to the communication profiles and the condition in Taiwan are then illustrated.
Onshore wind energy
In 1980, due to the crisis of energy, renewable energy became important. Industrial Technology Research Institute (ITRI) had been entrusted by the government of Taiwan to assess the potential of wind power for Taiwan and develop the technology of wind power in Taiwan. In the end of 1991, they complete the 4 kW, 40 kW, and 150 kW wind power electricity generator.
In 2000, the government of Taiwan issued the "Wind Power Demonstration Incentive Program". The government provides subsidy for both equipment and developing processes. Due to these successful experiences in onshore wind power, more and more manufacturers are willing to invest in wind power in Taiwan.
Offshore wind energy
The advantage of the offshore wind power is that the wind is much stronger than the wind over the continent. Table 1 is the rank of average wind speed in 23 years which is evaluated by 4C Offshore. Taiwan has the great potential to develop offshore wind power [7] . But the development of offshore wind power needs lots of technologies, such as remote monitoring and control system and the offshore foundations. It made this expensive energy generating technology keep on hold in Taiwan.
However, after the Fukushima Nuclear Power Plant accidents, people are seeking new energy to substitute the nuclear power. The large scale deployment of offshore wind power becomes a solution to resolve the problem. On 3rd July, 2012, Taiwan government officially announced the "Offshore Demonstration Incentive Program" and provided subsidies for both equipment and developing processes for offshore wind power. Taiwan's Ministry of Economic Affairs (MOEA) had signed deals with Formosa Wind Power (FWP), Fuhai Wind Farm (FWF) and Taiwan Power Company to build three offshore demonstration sites on the west coast of Taiwan.
As shown in Table 2 , the government of Taiwan had also set the "Thousand Wind Turbines Project". The goal is to build 600 MW of offshore wind energy by 2020 and 3GW by 2030. By the end of 2030, there would be a thousand of offshore and onshore wind turbines in Taiwan. The Bureau of Energy (BOE) has estimated the gross value of industrial output will achieve 500 billion TWD in 2030. At the beginning, the offshore will combine the technologies from advanced countries and the ones from Taiwan. The government of Taiwan will continuously support industries in Taiwan to build the key technology of offshore wind energy.
In the national energy project of Taiwan, there are three related authorities involve in the development of the offshore wind energy, which are the Bureau of Energy (BOE), the Industrial Development Bureau (IDB), and the Bureau of Standards, Metrology and Inspection (BSMI). Among the three government institutions, the BSMI is in charge of the standard implementation and the certification. Thus, the BSMI plans to construct a wind turbine test site. The test site would be located at Taichung harbor to match the offshore wind industry development requirements. The goal of the test site is to provide offshore wind turbine type testing and certification service, which include the wind turbine and its key components, power quality, and the communication for monitoring and control of the wind turbine.
Even though there are lots of benefits for development of offshore, we still have to conquer many grave challenges in Taiwan. For example, we locate the subtropical zone, so there are much tougher conditions for building key technology of the offshore wind power. The turbines must bear the wind with more salt than Europe or America and the earthquake usually happened in Taiwan.
Because it is in the initial phase of developing smart grid in Taiwan, we have to solve the problems of interoperability of communication which might happen in the future. It is a significant issue we must figure out and research the standard in interoperability. Thus, each part of smart grid could communicate with each other, and the main backbone of power system can manage the power easily.
Communication of Wind Turbines

Communication standard for wind power plant
IEC 61400-25 is a communication standard for control and monitoring in wind power plant [8] , [9] . The standard is based on IEC 61850, which is originally a communication standard for substation automation. Recently, it is extended as a communication standard for power utility automation.
The IEC 61400-25 standards define the information models in the wind power plant (IEC 61400-25-2) [10] , which is used to describe the real world component of the wind power plant, so that there is a common method for the external clients and users to describe many sub-components in the wind power plant. The information exchange model is also defined in the series of standards (IEC 61400-25-3) [11] . The functions and data of each information model (component) are illustrated in detail. Finally, the models are mapping to the existing communication profiles, so that the wind turbines can be controlled and monitored by the users [12] .
Information model
As shown in Fig. 1(a) , the real world wind power plant physical devices are modeled as logical devices in the virtual world. The information of each component (logical node class) of the wind power plant logical devices, such as WTUR-wind turbine general information, WROT-wind turbine rotor information, WGEN-wind turbine generator information, is defined in this standard. There are also some logical node classes, for example, XCBR-circuit breaker, MMXU-measuring for operative purpose, have been defined in the IEC 61850 series standards. The structure of the information model of wind power plant, which is defined in the IEC 61400-25-2 [10] , is a top-down view model as shown in Fig. 1(b) . There are four layers of the model. Table 3 shows that each layer has its property and presents all of the information in the wind power plant. The second layer of the model. Each wind turbine could be a logical device, so there may be many logical devices under the server. According to the IEC 61400-25, the coverage area of the information model of the wind power plant can be classified into four categories. The category and the corresponding components are shown in Table  4 .
For example, a wind power plant consists of several components. The information of wind power plant breaks down into several logical nodes as shown in Table 5 .
The IEC 61400-25 and the IEC 61850 series standards describe the wind power plant well, and let the external clients and users have the common language to access these logical devices and logical nodes. 
Information exchange model
In order to access the structure and content of the information models, the information exchange model is provided in IEC 61400-25-3 [11] .
As shown in Fig. 2 , the services and interfaces are defined for the external clients to interact with the logical devices and logical nodes in the wind power plant. The logical nodes contain many data, which can be grouped into data sets. The information exchange model can be classified into two groups: operational function and management function.
As shown in Table 6 , the operational function including Authorization, Control, Monitoring, Reporting and Logging. The management function includes Diagnostics, User and access management, Setup, and Time synchronization.
The Authorization model of the operational function is used to let the client and server exchange the data safely. By checking the identification information provided by the client, it can provide the service for client to access the server. The Control model of the operational function defines the control function to allow the client controlling the device in a specific period of time. The Monitoring, Reporting and Logging model of the operational function defines the three methods to access the information independently. The first method is shown in Fig. 3(a) . According to the demand of the client, it sends the request message to the server. After the server receives the request, the server sends back the data immediately. The commonly command is Get and Read.
The second method is shown in Fig. 3(b) . The historic values would be logged at the device (server). The client could query the log in a range of time or the specific data after a timestamp.
The third method is shown in Fig. 3(c) . After the client configures the subscription information to the server, the client waits for the response from the server. The server would send the message depending on the trigger condition, which is often periodically. The server sends the values to the subscriber (client) until the subscription being disabled.
The data set is important for the Report and Log functions. For example, some devices could record the data periodically. If the external clients want to retrieve some of the logged data, it can send the request to the correspondent device. Then, the rules of logging are defined in the Log Control Block (LCB). The logged data can be collected into data sets and retrieved by user. Similarly, the rules of reporting are defined in the Report Control Block (RCB). 
Mapping to the communication profile
The information model and information exchange model are defined in IEC 61400-25-2 and IEC 61400-25-3. In order to exchange the data over the network, the models are mapping to the specific communication profile. There are 5 communication profiles defined in the IEC 61400-25-4 [12] , which Fig. 4 shows the conceptual architecture of the mapping to communication profiles.
Different communication profiles have their own characteristics. For example, DNP3 and IEC 60870-5-104 are the TCP/IP based communication protocol. However, IEC 61850 even provides metadata in the devices, real-time applications (GOOSE, SMV), and system configuration language.
The user can choose the suitable communication profile according their system. There is also a reason to decouple the information model and information exchange model from the communication profile. After the models are well defined, the models can be used for a long time. However, the communication technique may improve with the time. Once there is a better communication technique invented, the models can be mapped to the new communication profile.
In Taiwan, the main backbone of power system uses the DNP3 as the communication protocol, and the RTU (Remote Terminal Unit) of Taiwan power system also provide the DNP3 communication port. In order to let the offshore wind turbine interoperates well with the original power system, the communication profile of offshore wind turbines should be able to integrate with the RTU.
The concept of communication of wind energy in Taiwan is shown in Fig. 5 . The wind turbine connects to the power system of the Taiwan Power Company (TPC). In order to control and dispatch the power, TPC needs to monitor the information in the switchyard, which includes the state of circuit breaker (CB), power, analog input (AI), digital input (DI) and so on. These data will be collected by the RTU, and then send to the substation and the Dispatch and Control Center (DCC). The communication protocol used by TPC is DNP3. In order to interoperate well between the master and the slave side (for example, the RTU in the substation and the RTU in the switchyard of wind power plant), it is essential to define the communication profile well. However, the information of the wind turbine (such as wind speed, pitch angle of the rotor, power…and so on) is not necessary for the DCC. The information is essential for the operator of the wind power plant (such as Infravest and the Department of Renewable of TPC) and the manufacture of the wind turbine. For example, the Department of Renewable Energy (DoRE) of TPC uses the OPC communication protocol to collect the information of the wind turbines. But the different wind power plants may use different SCADA systems, the DoRE of TPC have to integrate different systems to get the information.
Using the IEC 61850 in communication networks and systems has been a trend for power utility automation. The IEC 61400-25 is also promoted by the USE61400-25 user group within the wind power industry. For the good of integration of wind power with the power system, IEC 61400-25 might be a standard solution for all partiessystem integrators, vendors as well as the customer.
Conclusion
In this paper, the development of wind energy in Taiwan is illustrated, which includes the background of onshore wind energy and the demonstration project of the offshore wind energy.
Recently, Taiwan official BSMI will set up a test site in Taichung. The offshore wind turbine should meet the highest standard of IEC Type Certification class 1A. The turbine under test will connect to the power system. The communication for control and monitoring would be important. The integration of communication protocols will be considered in the phase of testing to ensure the success of interoperability in the offshore wind plant.
